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TESTS  OF  REINFORCED  CONCRETE  COLUMNS: 


1 

EFFECT  OF  END  CONDITION  OF  REINFORCEMENT  AND  OF  SPLICING. 

PART  I. 

Introduction. 

In  a reinforced  concrete  building,  the  stability  of  the  struct- 
ure depends  to  a great  extent  upon  the  reinforced  columns  used. 

In  columns  In  which  the  longitudinal  reinforcement  consists  of 
loose  bars,  various  methods  of  placing  the  reinforcement  are  used 
some  of  which  are- 

(1)  The  reinforcing  rods  are  placed  directly  upon  the  top  of  the 
column  already  built  as  shown  in  Fig.  3 , Plate  1. 

(2)  The  rods  are  bent  outward  at  the  base  of  the  column  into  the 
footing  or  floor  beneath  in  an  approximate  quarter  circle  as 
shown  in  Fig.  2,  Plate  1. 

(3)  The  rods  are  spliced  by  lapping  past  each  other,  the  stress 
being  transmitted  from  one  rod  to  the  other  by  the  adhesion  of 
the  concrete  to  the  rods,  as  shown  in  Fig.  1 , Plate  1. 

(4)  The  rod3  are  spliced  by  squaring  the  ends  and  holding  them 
in  place  by  a sleeve,  and  (a)  curved  into  footing,  or  (b)  bent 
squarely  into  footing  as  shown  in  Figs.  4 and  5,  Plate  1. 

The  most  efficient  method  of  reinforcing  concrete  columns  is 
to  make  the  rods  continuous,  without  splico,  with  ends  squared 
and  bearing  directly  upon  a cast  iron  plate  at  the  foot  of  the 
column.  However,  this  method  Is  impracticable  in  actual  work,  and 
other  less  efficient  methods,  some  of  which  are  given  above,  are 
used. 

It  is  the  purpose  of  this  thesis  to  record  and  discuss  a seriei 
of  tests  made  upon  longitudinally  reinforced  columns,  with  vari- 
ous methods  methods  of  placing  the  reinforcement,  and  to  make 
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comparisons  between  them  and  and  results  obtained  from  tests  of  the 
most  efficient  type  described  above  and  also  upon  plain  concrete 
columns . 

The  efficiency  of  each  t3^pe  of  column  will  be  expressed  as  the 
ratio  of  the  average  unit  strength  of  that  type  to  the  average  unit 
strength  of  of  the  most  efficient  type  described  above  and  to  the 
average  unit  strength  of  plain  concrete  columns.  The  "End  condition 
of  reinforcing  rods"  in  the  different  columns  tested  are  as  follows 
the  numbers  in  the  parentheses  indicating  the  number  of  columns  in 
each  set: 

(3)  Plain,  no  reinforcement. 

(3)  Rods  bearing  on  plates,  top  and  bottom. 

(2)  Same  as  above  with  i-In.  tie  rods  12  in.  apart. 

(2)  Rods  curved  into  footing. 

(2)  Rods  curved  into  footing  and  spliced. 

(2)  Rods  bent  squarely  into  footing  and  spliced. 

All  the  splices  were  butt  splices,  held  in  place  by  a short  gas- 
pipe  sleeve. 

All  data  and  comparisons  used  are  results  of  experiments  conduct 
ed  for  this  thesis.  All  columns  tested  for  this  thesis  were  made  in 
the  Concrete  Laboratory  of  the  University  of  Illinois,  and  the  ex- 
periments were  carried  on  as  a part  of  the  work  of  the  Engineering 
Experiment  Station, 

The  columns  tested  were  approximately  12  in.  in  diameter  and 
5 ft.  high  and  all  but  the  plain  columns  were  reinforced  with  6 
1-in.  rods.  The  footings,  on  some  of  the  columns,  were  34  in. 
square  and  about  12  in.  thick.  In  the  columns  having  footings,  the 
rods  were  bent  into  the  footing,  the  lower  ends  of  the  rods  being 
2 in.  above  the  bottom  of  the  footing.  Where  the  rods  were  curved 
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a 10  in.  radius  was  used  and  where  bent  squarely,  a 2 in.  radius 
was  used.  All  splices  were  made  2 in.  above  the  top  face  of  the 
footing  in  the  column  itself. 

Mr.  Dana  Quick  McComb  of  the  class  of  1910  conducted  a series  of 
tests  on  reinforced  concrete  columns  of  about  the  same  kind  as  des- 

15 

cribed  in  thi3  thesis.  This  thesis,- in  many  respects  a continuation 
of  Mr.  McComb ?s  work,  and  as  a whole  may  be  regarded  as  the  direct 
outgrowth  of  his  tests. 
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PART  II 

12 

THEORY. 

Without  going  in  detail  into  the  derivation  of  the  different 

formulae , the 

theory  of  the  longitudinally  reinforced  column  is 

as  follows := 

Assuming  that  the  concrete  adheres  to  the  steel. 

the  relative 

intensities  of  stress  in  the  two  materials  will  be  as  their  mod- 

uli  of 

elasticity. 

The 

follov;ing  notation  will  be  used  throughout  this  thesis:- 

Let  A 

denote 

total  cross  section  of  column, 

Ac 

n 

" " " " concrete, 

As 

ti 

" " " ” steel, 

P 

n 

ratio  of  steel  area  to  total  area,  p= 

Aa/A 

n 

unit  stress  In  concrete, 

fs 

it 

unit  stress  in  steel, 

E3 

If 

modulus  of  elasticity  of  steel, 

Ec 

it 

modulus  of  elasticity  of  concrete, 

n 

tf 

ratio  of  moduli  of  steel  and  concrete 

at  the  given 

stress,  n = Es/ec 

P 

1 

it 

total  load  on  a plain  column  giving  the  unit  stress 

fc’ 

p* 

tf 

total  load  on  a reinforced  column  for 

the  unit 

stress  f c , 

d 

tt 

diameter  of  column, 

e 

it 

unit  deformation  for  the  stress  f : 

c * 

Then  P 

“ **CAC 

fcA  for  plain  column. 

P 

fcAct  fsAs  * fc^A“PA)  + fcnpA; 

P 

foA 

[ 1 + (n-l)pj 

3 

A 

* 
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P*  = fftA  [l  i-  (n-l)p]_  i , fn-1  )P 
P f o A 

The  relative  increase  in  strength  caused  by  the  reinforcement  is 
P ' -P 

— = (n-l)p 


to  the  total  stress  in  the  reinforced  column  minus  the  total  stress 
carried  by  the  steel,  divided  by  the  net  area  of  the  concrete. 
Graphically  this  is  shown  by  plotting  two  curves,  one  being  the 
stres3-deformation  curve  for  the  reinforced  concrete  column,  and 
the  other  the  stress-deformation  curve  for  the  steel  only,  con- 
sidering that  the  steel  has  a modulus  of  elasticity ( Es ) of 
29,000,000  lb.  per  sq.  in.  and  that  it  is  deformed  the  same  amount 
as  the  concrete.  The  ordinate  scaled  off  between  the  two  curves 
is  then  the  unit  stress  in  the  concrete. 

All  the  stress-deformation  diagrams  in  Part  VI  are  plotted  in 
this  manner. 

It  will  be  seen  that  there  may  be  some  error  in  considering 
that  the  steel  deforms  the  same  amount  as  the  surrounding  concrete , 
but  since  the  deformations  were  taken  on  the  concrete  this  seems 
to  be  the  best  way  to  determine  the  distribution  of  the  load  be- 
tween the  concrete  and  the  steel. 


PART  III 
MATERIALS. 

The  materials  used  in  these  tests  is  fairly  representative  of 
that  used  in  first-class  concrete  construction  throughout  the 
Middle  Western  States. 

1.  Cement. 

The  cement  used  in  the  construction  of  all  but  four  columns 
tested  was  Universal  portland  cement.  In  the  case  of  Columns  No. 
8826-32-39-42,  Lehigh  portland  cement  was  used.  The  results  of 
tension  tests  of  neat  cement  and  1-3  mortar,  for  each  cement  are 
given  in  Table  I below. 

Table  I. 

Time  of  Setting  and  Tensile  Strength  of 


.Universal  and  Lehigh  Portland  Cements . 

Breaking  loads  are  given  in  pounds  per  square  inch. 


Time  of 

Setting 

Initial  Set 

Universal 

Lehigh 

1 

2 

3 4 

Mean 

1 

1 hr.  20  min. 

Final  Set 

4 hr.  4C  min. 

Tensile 

Strength 

7 Days 

Neat 

589 

684 

653 

662 

647 

719 

1-3  Mortar 

198 

227 

240 

214 

220 

248 

28  Days 

Neat 

674 

709 

731 

696 

703 

805 

1-3  Mortar 

278 

283 

319 

282 

291 

329 

The  tensile  tests  of  cement  were  made  according  to  standard 
practice  in  the  Cement  Testing  Laboratory  of  the  University  of 
Illinois.  Standard  Ottawa  sand  was  used  for  the  1-3  tests.  Each 
value  given  in  the  table  is  the  average  of  five  briquette  tests. 

One  set  of  1-3  mortar  tests  were  made  from  sample  No.l  Univer- 
sal cement,  using  the  same  sand  that  was  used  in  the  concrete. 

The  results  were  much  higher  than  those  with  standard  sand,  viz. 
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7 days  265,  and  28  days  325  lb.  per  sq.  in. 

2 . Sand . 

The  sand  was  of  a good  quality,  well  graded,  fairly  clean,  and 
weighed  about  102  lb.  per  cu.  ft.  loose.  The  sand  came  from  near 
the  Wabash  River  at  Attica,  Indiana.  The  following  table  gives  the 
results  of  eight  mechanical  analyses  of  this  sand. 

Table  II. 

Mechanical  Analysis  of  Sand, 

Samples  of  1000  grams. 


Sieve 


No. 


Sample  No.  Percent  Passing 


Feb. 6 Feb. 6 Feb. 7 


Feb.  7 


Analyses  by  Brooks  and  Haeffner 


8 


Mar. 11  Mar. 11  Mar. 13  Mar. 13 


Anderson  IKent  and  Math 


100.0 


100.0 


100.0 


99.7 


99.0 


99.8 


99.1 


98.9 


99.1 


99.0 


99.2 


99.4 


95.3 


95.1 


95.7 


94.1 


98.5 


98.1 


98.  C 


98.8 


10 


65.4 


63.7 


65.9 


63.7 


84.5 


84.1 


82.6 


84.8 


12 


58.1 


55.7 


57.7 


55.6 


78.4 


78.5 


76.8 


78.7 


16 


51.9 


48.7 


51.3 


49.3 


72.0 


72.3 


70.1 


72.1 


18 


42.5 


39.9 


41.9 


45.0 


60.2 


59.7 


57.1 


59.9 


30 


26.6 


24.6 


26.3 


25.3 


33.3 


33.5 


39.3 


34.0 


40 


14.5 


13.0 


14.7 


13.9 


19.7 


19.9 


19.3 


20.1 


50 


5.4 


4.6 


5.9 


5.4 


8.2 


8.7 


8.7 


9.0 


74 


2.1 


1.7 


2.3 


2.3 


3.7 


3.9 


4.0 


4.3 


150 


0.8 


0.5 


0.8 


0.8 


0.6 


1,0  1.3 


o.( 


3.  Stone. 

The  stone  used  in  all  the  tests  was  crushed  limestone  from 
Kankakee  Illinois,  screened  to  pass  a 1-in.  and  be  retained  on  a 
i:  in.  sieve.  The  stone  was  gray  in  color,  sharp  cornered, and  well 
graded  as  to  size.  Table  3 gives  eight  mechanical  analyses  of  this 
stone . 
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Table  III 

Mechanical  Analysis  of  Stone. 
Samples  of  2000  grams. 


Size  of 


Screen 


in. 


Sample  No.  Percent  Passing. 


Feb. 11  Feb. 11  Feb. 11  Feb. 11 


Analyses  by  Brooks  and  Haeffner 


Mar. 13  Mar. 14 


Anderson  Kent  and  Math 


8 


Mar. 18  Mar . IS 


100.0 


100.0 


100.0 


100.0 


100.0  100.0 


3/4 


95.7 


97.0 


95.2 


94.1 


95.3 


94.3 


98.4 


91.1 


l/2 


63. 


61.0 


56.2 


60.9 


58.5 


57.6 


60.7 


41.2 


3/8 


38.7 


40.4 


33.3 


36.7 


30.3 


30.9 


35.0 


16.7 


No.  3 


17.7 


23,4 


17.6 


19.9 


13.7 


15.3 


16.5 


7.0 


No. 5 


2.9 


5.0 


6.0 


4.7 


2.3 


1.6 


2.8 


2.2 


No.  10 


2.1 


3.1 


4.3 


3.2 


1.8 


1.1 


1.8 


2.0 


4. Concrete. 

The  concrete  was  composed  of  one  part  by  volume  of  cement,  two 
parts  of  sand  and  four  parts  of  stone.  The  sand  and  stone  were 
weighed  as  a check  on  the  measurement  by  volume.  The  weight  of  a 
cubic  foot  of  cement  was  taken  as  95  lb.  Men  accustomed  to  mixing 
concrete  made  the  test  specimens,  and  an  effort  was  made  to  have 
the  concrete  as  good  as  would  be  used  in  the  best  practice.  The 
mixing  was  done  with  shovels  by  hand.  The  sand  and  cement  were 
first  mixed  dry.  The  stone  which  had  previously  been  thoroughly 
moistened,  was  then  added  and  the  mass  turned  until  uniform  in 
appearance.  Water  was  added  in  such  proportion  as  to  give  a fairly 
wet  mixture.  This  consistency  permitted  tamping  into  the  forms  to 
good  advantage. 

The  concrete  at  the  top  of  the  column  was  made  somewhat  richer 
than  the  remainder,  in  order  to  make  sure  that  the  failure  would 
occur  at  some  portion  of  the  column  other  than  at  the  top. 


. 
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The  steel  used  was  high-carbon  round  rods, 1- in.  in  diameter. 

Six  rods  were  used  in  each  reinforced  column.  No  tests  of  any  kind 
were  made  to  determine  the  qualities  of  the  steel. 

The  arrangement  of  the  reinforcing  rods  is  given  in  Table  4 
and  in  Plates  IV-VIII, 

Test  Specimens. 

1.  Columns. 

( a ) Forms . 

The  column  forms  were  of  galvanized  sheet  steel  bent  into  a 
cylindrical  shape  and  held  in  position  by  bands  1 in.  wide  and 
3/l6  in.  thick.  These  bands  were  adjustable  to  the  proper  diameter 
by  means  of  bolts.  The  forms  were  built  in  sections  2j§-  ft.  long 
and  fitted  together  in  stove-pipe  fashion.  The  forms  are  shown 
with  dimensions  on  Plate  II. The  forms  for  the  footings  are  of  2 in. 
timber,  set  up  as  shown  on  Plate  II* 

(b)  Construction. 

In  building  the  plain  columns  and  the  columns  with  straight 
longitudunal  reinforcement,  the  form  was  set  up  on  a cast  iron 
base  plate,  14  x 14  x 1^  in.,  which  was  planed  on  both  sides  and 
served  as  a bearing  plate  in  the  column  test.  In  making  the  plain 
concrete  columns  the  forms  were  built  up  in  2-§-  ft.  sections,  each 
section  being  filled  before  the  next  was  added.  The  concrete  was 
put  in, in  layers  of  about  6 to  8 in.  and  tamped  until  water  flush- 
ed to  the  top. 

In  making  the  columns  with  straight  longitudinal  reinforcement* 
the  rods  were  first  wired  equally  distant  within  three  steel  hoops 
10  in.  in  diameter,  excepting  in  Column  No.  8827,  in  which  the 
rods  were  wired  outside  the  hoops  and  no  outer  hoops  were  used. 


. 
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The  form  was  placed  around  the  hoops  for  the  full  length  of  the 
column,  after  which  it  was  set  up  vertically  on  the  base  plate. 

The  concrete  was  put  in  from  the  top  and  tamped  as  described  above , 

In  making  the  columns  with  footings,  the  form  for  the  footing 
was  set  up  on  a large  cast-iron  base  plate  and  the  reinforcing 
rods  were  set  in  place  and  held  by  hoops  as  described  above. 

One  or  two  days  after  the  making  of  the  column,  a plate  similar 
to  the  plate  shown  in  Fig.4  Plate  I^was  set  in  cement  mortar  spread 
over  the  top  of  the  column. 

(c)  Storage. 

The  columns  were  built  in  the  Concrete  Laboratory  and  remained 
there  up  to  the  time  of  testing.  The  forms  were  taken  off  7 days 
after  making,  and  after  that  the  columns  were  sprinkled  with  water 
daily  until  tested. The  temperature  was  kept  at  a fairly  constant 
figure  from  the  time  they  were  made  until  they  were  tested. 

Apparatus . 

1.  Testing  Machine. 

The  machine  used  in  testing  the  columns  was  the  600,000-lb. 
Riehle  vertical  screw  machine  of  the  Laboratory  of  Applied  Mechan- 
ics. The  slowest  speed,  0.C5  in.  per  minute  was  used  in  all  the 
tests. 

2.  Extensometer . 

The  extensometer  used  was  manufactured  by  A.  Wissler,  St. Louis, 
Mo.  It  is  used  in  connection  with  a pair  0f  yokes  as  shown  by 
photograph  on  page  Zb  and  by  drawing  in  Plate  HI. 

As  seen,  the  lower  yoke  has  two  contact  points,  and  the  upper 
yoke  only  one.  Thus  the  lower  yoke  remains  stationary,  while  the 
upper  yoke  rotates  about  its  center  line.  A very  fine  wire  is 
wound  about  the  axis  of  the  dial,  the  other  end  being  attached 
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to  the  fixed  yoke.  A small  weight  is  attached  to  the  free  end  of 
the  wire.  Thus  it  is  seen  that  the  deformations  as  read  upon  the 
dial  are  twice  the  actual  deformations.  The  dial  is  graduated  into 
500  divisions  and  the  tenths  of  a division  may  be  estimated.  The 
dial  is  so  arranged  that  one  complete  revolution  equals  one  inch 
deformation.  Since  the  dial  records  deformations  twice  their  actual 
value,  one  division  as  read  on  the  dial  is  equal  to  0.C01  in.  and 
an  estimated  tenth  of  a division  is  equal  to  0.C001  in. 

3.  Method  of  Testing. 

In  all  the  tests  the  columns  were  placed  as  near  as  possible 
directly  in  the  center  of  the  machine.  The  load  was  transmitted 
by  the  machine  to  the  column,  by  means  of  a head  block  with  spheri- 
cal bearing,  thus  distributing  the  load  uniformly  over  the  column. 
The  load  was  applied  in  increments  of  about  25,000  lb.  One  man 
acted  as  recorder  while  the  other  read  the  extensometer  and  kept 
a careful  watch  for  cracks  or  other  signs  of  failure  between  the 
readings, The  observation  of  cracks  was  facilitated  by  applying  a 
coat  of  white-wash  to  the  column. 


' 
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PART  IV. 

Table  4, 

Data  of  Test  Columns. 

Column  No, 

Description  of  Reinforcement. 

8824 

5 

None . 

6 

8827# 

' 8 

6 1-in  round  rods  bearing  on  plates,  top  and  bottom. 

9 

30* 

8831 

2 

Same  as  above  with  ^ in.  ties  spaced  12  in.  apart. 

3* 

8835 

6 1-in.  round  rods  curved  into  footing  as  shown  on 

6 

7* 

Plate  H . 

8838 

Same  as  above  except  that  rods  were  spliced  by  making 

9 

40* 

butt  loints  with  short  gas-pipe  sleeves  at  a point 

2-in,  above  top  face  of  footing.  1 iSJL 

8841 

6 1-in. round  rods  bent  squarely  into  footing  and 

2 

3* 

spliced  as  shown  on  Plate  YZZT. 

8845* 

6 1-in.  round  rods  curved  into  footing,  as  in  No. 8835, 

6* 

with  two  hoops  of  5/8-in.  rounds,  26  in.  in  diameter, 

in  footing  near  lower  ends  of  bent  bars. 

8847* 

6 1-in,  round  rods  curved  into  footing,  as  in  No. 8835, 

8* 

with  one  band  of  1-in.  square  steel,  30  in.  inside 

diameter,  against  which,  lower  ends  of  bent  rods  rest. 

* Not  tested. 

# Rods  outside  10-in.  circle. 

. 

. 


■ 


' 

■ 
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Table  5. 

Summary  of  Column  Tests , 

Column 
No » 

Age 
when 
tested . 
Days . 

Area 

of  Column 
in 

Sq.  In. 

Per- 

cent 

Reinf 

Maximum 
Load  on 
.Column. 
Pounds . 

Maximum 
Stress  in 
Column, 

Lb ,/Sq . In. 

Efficiency 

Maximum 
Concrete 
Stress . 
Lb./Sq. In. 

A 

B 

8824 

67 

118 

0.00 

134,600 

1140 

1140 

5 

56 

120 

0.00 

206,000 

1715 

1715 

6 

61 

120 

0.00 

206,000 

1715 

1715 

Mean 

1715# 

0.45 

1.00 

8827 

67 

118 

4.00 

384,000 

3255 

1020 

8 

60 

120 

3.92 

401,000 

3340 

1100 

9 

56 

120 

3.92 

456,000 

3800 

1420 

Mean 

3465 

0.91 

2.02 

8831 

64 

123 

3.85 

490,000 

3985 

1620 

2 

61 

123 

3.35 

447,000 

3630 

1160 

Mean 

3810 

1.00 

2.22 

8835 

60 

118 

4.00 

314,500 

2665 

680 

6 

64 

120 

3.92 

378,000 

3150 

1780 

Mean 

2910 

0.76 

1.70 

i 8838 

56 

120 

3.92 

315,000 

2630 

1180 

| 

9 

61 

120 

3.92 

295,000 

2480 

1080 

Mean 

2555  y 

0.67 

1.49 

8841 

62 

123 

3.85 

272,000 

2210 

520 

2 

62 

120 

3.92 

293,000 

2490 

1070 

Mean 

2350 

0.62 

1.37 

Note-  Efficiency  "A”  i 
each  type  of  column  to 
and  8832.  Efficiency  " 

s the  ratio  of  the  average  unit  strength  of 
the  average  unit  strength  of  Columns  No. 8831 

B"  is  the  ratio  of  the  average  unit  strength 

of  each  type  of  column  to  the  average  unit  strength  of  plain  concret: 
columns  No.8824-5-6 . # Column  No. 8824  was  not  used  in  obtaining  mean, 

, — _ 
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The  columns  in  this  series  are  circular  in  section,  12  in.  in 
diameter,  and  approximately  5-ft.long,  High  steel  rods  were  used 
and  were  spaced  equally  inside  a 10-in,  circle  except  as  noted. 

In  Columns  of  same  type  as  No. 8835,  the  rods  were  curved  into 
the  footing  on  a 10-in.  radius  to  within  2-in.  of  the  bottom. 

In  columns  of  same  type  as  No.  8841, the  rods  were  bent  squarely 
into  the  footing  on  a small  radius,  and  extended  to  within  2-in. 
of  the  bottom.  The  splice  used  in  some  of  the  specimens  is  a 
butt  splice  with  a loose  fitting  gas-pipe  sleeve  about  4-in. 
long,  2-in,  above  top  face  of  footing.  The  footing  is  about 
34  in.  square  and  12- in.  thick. 

In  Table  5 it  is  seen  that  plain  concrete  columns  No,  8825 
and  8826  took  precisely  the  same  unit  load,  i.e.  1715  lb.  per  sq, 
in.  The  failure  of  No.  8824  at  the  low  unit  stress  of  1140  lb. 
per  sq.  in.  is  unaccounted  for,  and  therefore  in  computing 
Efficiency  "B",  the  result  obtained  from  Column  No.  8824  was 
neglected,  using  the  mean  value  for  Columns  No.  8825-26,  i.e. 

1715  lb,  per  sq.  in. 


. 


. 

. 
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3.  Discussion  of  Individual  Columns. 

In  this  discussion,  each  column  will  be  taken  up  separately, 
the  phenomena  observed  during  the  test  will  be  described,  and  rea- 
sons will  be  given  for  the  behavior  of  the  specimens  under  the 
different  conditions  of  reinforcement. 

All  other  considerations,  such  as  the  mixing  and  placing  of 
concrete,  time  and  place  of  storage,  position  in  the  testing  mach- 
ine, increment  of  load  etc.,  were  the  same,  or  as  nearly  the  same 
conditions  as  could  be  produced  in  each  case. 

The  general  conditions  which  were  the  same  are  as  follows :- 
Length,  5 ft.  (approximately). 

Mixture,  1 part  (by  volume)  of  cement,  2 parts  sand,  and  4 parts 
stone . 

Reinforcement,  6 1-in.  round  rods,  spaced  equally  inside  a 10-in. 
circle,  except  in  Column  No.  8827,  in  which  the  rods  were  spaced 
equally  outside  a 10-in.  circle. 

COLUMN  NO.  8824, 

Age-67  days;  Area-  118  sq.in.;  Height-  5 ft.  Plain  column. 
Maximum  load-  134,600  lb.  Maximum  average  stress -1140  lb. per  sq.in 
At  a load  of  70,000  lb.,  the  load  fell  off  somewhat  and  investi- 
gation showed  that  the  lower  cast-iron  base  plate  had  cracked  out- 
ward from  one  of  the  bolt  holes,  probably  due  to 
uneven  bearing  of  the  plate.  At  134,600  lb.  the 
maximum  load,  the  column  began  to  crack  on  the  N. 
side,  a little  above  the  center,  and  then  sheared 
off  as  shown  in  sketch.  The  extremely  low  unit 
stress  is  unaccounted  for,  unless  it  was  caused  by 
the  Unequal  distribution  of  the  load,  which  result- 
ed in  the  breaking  of  the  base  plate. 


29 

southwest  sides,  about  6 in.  from  the  bottom;  two  vertical  cracks 
extending  upward  from  the  bottom  of  the  column;  one  about  10  in. 
high  on  the  S.E.  side,  and  the  other  about  5 in.  high  on  the  N.E. 
side . 

At  the  maximum  load  of  384,000  lb. the  machine  was  stopped,  and 
an  examination  showed  a crack  on  the  S.W.  side  at  the  top  about 
8 in.  long.  The  other  cracks,  before  noted,  extended  higher.  There 
was  a crack  a little  above  the  center  on  the  E.  side,  showing  that 
this  rod  was  bulging.  Suddenly,  without  further  application  of  loa<2 
the  rods  were  thrown  out  of  the  column  in  all  directions.  The 
photograph  on  Page  24  shows  this  failure.  The  rod  buckling  on  the 
E.  side  loosened  the  one  on  the  W.  side,  which  was  thrown  out  first 
This  weakened  the  column  sufficiently  to  loosen  the  other  rods, 
which  were  thrown  out  immediately  after  the  first  rod.  The  final 
failure  was  due  to  the  buckling  of  the  rods,  which,  being  so  close 
to  the  surface,  the  concrete  offered  very  little  resistance  to 
their  bending. 

COLUMN  NO. 8828. 

Age-  60  days.  Area-  120  sq.in.  Height  5 ft. 

Reinforcement  same  as  in  No.  8827  except  rods  were  inside  loin, 
circle,  as  shown  in  Plate  IV  . Percent  of  steel,  3.92. 

Maximum  stress  - 401,000  lb.  Unit  stress  - 3340  lb.  per  sq.  in. 

At  a load  of  225,000  lb.  the  machine  was  stopped  in  order  to  exam- 
ine the  column,  and  during  this  examination  the  extensometer  must 
have  been  touched  for  the  reading  was  changed.  This  was  not  noticed 
until  the  next  reading  and  so  could  not  be  adjusted  at  once.  The 
adjustment  was  made  however,  by  shifting  the  last  part  of  the  curve 
until  it  joined  the  first  portion  of  the  curve. 

At  a load  of  300,000  lb,  a crack  was  noted  on  the  N.E.  side 


. 

. 


. 

. 

. 

. 
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about  7 in.  from  the  top,  extending  downward  about  9 in.  and  also 
similar  cracks  on  the  S.E.  and  S.W.  sides,  the  one  on  the  S.W. 
side  running  about  3 in.  higher  than  the  others.  The  whitewash 
scaled  off  near  the  bottom  on  the  S.E.  side.  There  was  evidence 
of  crushing  near  the  top  on  the  S.W.  side,  and  also  all  around  the 
column  about  16  in.  from  the  bottom. 

At  a load  of  375,000  lb.  examination  showed  that  the  cracks  had 
all  extended  several  in.  and  also  showed  a few  new  cracks  near  the 
top.  At  401,000  lb.  the  maximum  load,  the  column  failed  by  crush- 
ing and  by  the  rods  buckling  at  a point  about  18  in.  below  the  top. 
The  column  held  the  maximum  load  for  some  time  and  then  failed 
gradually.  The  photograph  on  page  25  clearly  shows  the  buckling  of 
the  rods, 

COLUMN  NO.  8829. 

Age-  56  days.  Area-  120  sq.  in.  Height-  5 ft. 

Reinforcement  same  as  in  No,  8828.  Percent  of  steel,  3.92. 

Maximum  load  - 456,000  lb.  Maximum  unit  stress-  3800  lb. per  sq.in. 

At  a load  of  300,000  lb.  a crack  was  noted  at  the  E.  side  of 
the  top  band,  due  to  band  expanding  and  breaking  off  the  concrete. 
At  375,000  lb.  a crack  was  noted  on  the  E,  side  near  the  top,  ex- 
tending downward  aboutl5  in,  one  on  the  S.E.  side  similar  to  that 
on  the  E.  side,  one  on  the  E.  side  near  the  bottom  and  also  small 
cracks  at  the  top  and  bottom  of  the  column  opposite  the  reinforcing 
rods.  At  420,000  lb.  examination  showed  the  crack  on  the  E.  side 

to  be  lengthening,  and  the  instruments  were  removed  from  the  col- 
umn. Failure  occurred  at  the  maximum  load  of  456,000  lb.  The  fail- 
ure seemed  to  be  a combination  of  splitting,  shearing  off  and  crust 
ing. 


. 

. 


COLUMN  NO.  8831. 
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Age-  64  days;  Area-  123  sq.in.;  Height-  5 ft. 

Reinforcement  same  as  in  No.  8828  with  t in.  round  ties,  12  in. 

apart,  put  on  as  shown  in  Plate  V.  Percent  steel,  3.85. 

Maximum  load-  490,000  lb.  Maximum  unit  stress-  3985  lb.  per  sq.io 

On  the  S.E.  side  of  the  foot  of  this  column  the  concrete  was 

very  poor,  i.e.  the  space  between  the  stones  was  not  filled  with 

mortar.  At  a load  of  350,000  lb.  the  concrete  cracked  outside  of 
* 

the  upper  band.  At  450,000  lb.  appeared  the  first  signs  of  fail- 
ure in  the  form  of  vertical  cracks  opposite  the  rods.  Failure 
occurred  at  a load  of  490,000  lb.,  due  to  the  buckling  of  the 
rods  and  splitting  of  the  concrete. 


COLUMN  NO.  8832. 


Age-  61  days;  Area-  123  sq.in.  Height-  5 ft. 

Reinforcement  same  as  in  No.  8831.  Percent  of  steel,  3.85. 

Maximum  load-447,000  lb.  Maximum  unit  stress-  3630  lb.  per  sq.in. 

This  column  showed  no  signs  of  failure  until  almost  the  max- 
imum load  was  reached.  At  425,000  lb.  there  were  signs  of  crush- 
ing and  splitting  on  the  S.  side,  as  evidenced  by-  small  vertical 
cracks.  Small  cracks  were  also  noticed  on  the  N.  side  near  the 
top  and  bottom.  There  was  evidence  also  of  buckling  of  the  rod 
at  the  center  of  the  N.  side. 

The  column  failed  at  the  maximum  load  of  447,000  lb.  by  crush- 
ing on  the  N.  side  near  the  top  and  the  S.  side  near  the  bottom, 
and  bjr  splitting  on  the  v*side  near  the  bottom. 

COLUMN  NO. 8835. 

Age-  60  days;  Area-  118  sq.in.;  Height  of  column  50  in. 

Footing  34  in.  square  and  12|  in.  thick. 


. 
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Reinforcement-  6 1-in.  round  rods  curved  into  footing  on  a 10  in. 
radius.  Percent  of  steel-  4.00. 

Maximum  load-  314,5001b.  Maximum  unit  stress  2665  lb.  per  sq.  in. 

At  a load  of  250,000  lb.  cracks  about  7 in.  long  were  noticed  at 
the  top  on  the  K.W. , S.W. , and  N.  of  E.  sides.  At  a load  of  280,000 
lb.  these  cracks  had  extended  to  about  one  third  the  length  of  the 
column  and  cracks  were  noticed  on  the  N.W.  and  3.W.  sides  near  the 
bottom.  At  a maximum  of  314,500  lb.  failure  occurred,  the  lower 
one  third  of  the  W.  side  showing  up  the  failure  the  best.  Failure 
was  probably  due  to  shear  and  crushing  of  the  concrete. 

COLUMN  NO.  8836. 

Age-  64  days;  Area-120  sq.  in.  Height  of  column  50  in.  Footing 
34  in.  square  and  12  in.  thick. 

Reinforcement  same  a3  in  No.  8835.  Percent  of  steel-  3.92. 

Maximum  load-  378,000  lb.  Maximum  unit  stress  -3150  lb.  per  sq.  in. 

At  a load  of  175,000  lb.  a crack  appeared  in  the  W.  face  of  the 
footing.  At  a load  of  350,000  lb.  the  concrete  was  loosened  outside 
of  the  lower  band.  At  375,000  lb.  a crack  appeared  in  the  S.  face  of 
the  footing  and  the  one  on  the  W.  face  extended  and  widened.  The 
load  went  up  rapidly  until 
it  reached  the  maximum  of 
378,000  lb.  and  then  fell 
off  gradually.  Cracks  in 
footing  and  column  appear- 
ed at  about  the  same  time. 

The  accompanying  sketches 
show  the  failure  of  the  foot- 
ing. The  failure  of  the  N.and 
S. faces  indicate  the  slipping 


W.  /~<zce. 


33 

of  the  rods,  thus  causing  the  concrete  on  these  faces  to  be  loosen- 
ed. The  general  failure  of  the  column  was  by  shear  and  crushing. 

COLUMN  NO.  8838. 

Age  -56  days;  Area-  120  sq.in.  Height  of  column-  55  in.  Foot- 
ing 34  in.  square  and  12J-  in.  thick. 

Reinforcement-  same  as  in  No. 8835,  excepting  that  rods  are  spliced 
2 in.  above  top  face  of  footing.  Percent  of  steel-  3.92. 

Maximum  load-  315,000  lb.  Maximum  unit  stress-  2630  lb.  per  sq.in. 

At  200,000  lb.  examination  showed  small  vertical  cracks  on  the 
S.W.  side  near  the  bottom.  At  300,000  lb, the  cracks  before  noted 
had  extended  and  a crack  was  noticed  on  the  N.W.  side  of  the  columr 
and  one  opposite  each  reinforcing  bar;  also  a crack  in  the  center 
of  the  E.  and  W.  faces  of  the  footing.  Real  failure  occurred  at 
295,000  lb.  when  the  weighing  beam  dropped,  but  the  column  sustain- 
ed a maximum  load  of  315,000  lb.  The  cracks  near  the  bottom  seemed 
to  indicate  that  the  splice  had  something  to  do  with  the  failure. 
The  failure  was  probably  due  to  the  buckling  of  the  rods  and  the 
splitting  of  the  concrete.  A photograph  of  this  column  is  shown 
on  page  26. 

COLUMN  NO.  8839. 

Age-  61  days;  Area  120  sq.  in.  Height  of  column  -54  in.  Footing 
34  in.  square  and  12-J  in.  thick 

Reinforcement  same  as  in  No,  8838.  Percent  of  steel-  3.92. 

Maximum  load-  295,000  lb.  Maximum  unit  stress-  2480  lb.  per  sq.  in. 

At  a load  of  75,000  lb.  a crack  appeared  at  the  center  of  the 
W.and  N.  faces  of  the  footing.  These  cracks  were  probably  due  to 
eneven  bearing,  as  the  footing  rested  somewhat  on  one  of  the  brass 
rings  at  the  base  of  one  of  the  screws  of  the  machine.  At  250,000 
lb.  a vertical  crack  appeared  near  the  top  on  the  N.W.  side.  At 


. 
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275,000  lb.  cracks  appeared  all  around  opposite  the  rods,  indicating 
buckling  of  the  rods.  The  column  failed  at  a maximum  load  of  295,000 
lb.  Failure  was  due  to  a combination  of  shear,  splitting  and  crushing. 


COLUMN  NO.  8841. 


Age-  62  days;  Area-123  sq.  in.  Height  of  column  50  inches.  Foot- 
ing, 34  in.  square  and  12-g-  in.  thick. 

Reinforcement-  6 1-in.  round  rods,  spaced  equally  inside  a 10  in. 
circle,  bent  squarely  into  footing  and  spliced  as  shown  in  Plate 
VIII.  Percent  of  steel-  3.85. 

Maximum  load-  272,000  lb.  Maximum  unit  stress-  2210  lb.  per  sq.in. 

At  a load  of  48,000  lb.  the  load  fell  off  to  about  45,000  lb, 
but  examination  showed  nothing.  At  150,000  lb.  a crack  appeared  in 
the  center  of  the  E,  face  of  the  footing,  rising  upward  and  to  the 
S.  to  a height  of  about  8 in.  At  250,000  lb.  cracks  appeared  all 
around  the  column  a little  below  the  center  and  near  the  bottom  on 
the  S.E.  side.  The  column  failed  at 


the  maximum  load  of 272, 000  lb.  The 
failure  was  due  to  shear,  crushing, 


and  by  the  buckling  of  the  rods.  The 


footing  failed  completely  as  shown  in 
sketch.  The  failure  of  the  footing  was 


probably  due  to  the  slipping  of  the  rods.  Z3o/fom  £>/  fhofwj 

COLUMN  NO.  8842. 


Age-  62  days;  Area-  120  sq.  in.  Height  of  column  49  in.  Footing 
34  in.  square  and  12^  in.  thick. 

Reinforcement-  same  as  in  No.  8841.  Percent  of  steel-  3.92. 

Maximum  load-  293,000  lb.  Maximum  unit  stress-  2490  lb. per  sq.in. 

At  a load  of  75,000  lb.  a crack  appeared  in  the  . face  of  the 
footing  about  6 in.  S.  of  the  W.  face.  At  275,000  lb.  a crack  appear 


ed  in  the  S.  face  of  the  footing. 

Failure  occurred  at  a maximum  load 
of  293,000  lb.  The  failure  of  the 
footing  was  probably  due  to  the  rods 
slipping.  Sketch  shows  manner  of  ^ 

failure  of  the  footing.  The  failure  of 
the  column  seemed  to  be  by  crushing. 


35 


W 


* 


I . 


Will 


. 


36 


PART  V. 

Conclusion, 

As  a result  of  the  series  of  tests  described  in  this  thesis, 
the  following  conclusions  may  be  drawn: 

In  the  tests  of  the  plain  concrete  columns,  two  columns  gave 
a maximum  strength  of  1715  lb.  per  sq.  in.,  which  is  about  what  is 
regularly  accepted  as  the  strength  of  this  grade  of  concrete.  The 
result  obtained  from  the  third  column,  which  was  decidedly  low 
(1140  lb.  per  sq,  in.),  was  neglected  in  making  all  comparisons. 

The  most  effective  type  of  reinforcement  as  shown  by  these  test$ 
is  that  having  the  rods  bearing  on  plates  at  both  ends,  and  in  thi 
type,  the  addition  of  -j-in.  tie  rods  spaced  12  in.  apart  gave  an 
increase  in  strength  of  10$  over  the  columns  of  the  same  type  that 
had  no  tie  rods.  It  Is  however,  impossible  to  use  this  condition 
of  reinforcement  in  building  construction,  as  it  would  not  give 
the  stability  required. 

In  the  tests  of  columns  to  determine  the  best  condition  of  end 
reinforcement,  those  with  the  rods  curved  into  the  footing  gave 
the  best  results.  The  efficiency  of  this  type  was  76$  of  the  best 
type  determined  above.  In  almost  all  of  the  tests  of  columns  with 
footings,  the  failuresof  the  column  and  footing  were  almost  coin- 
cident, the  footing  generally  falling  first.  This  failure  of  the 
footing,  was  due  somewhat  to  the  fact  that  the  test  specimen  did 
not  have  an  even  bearing  on  the  machine,  but  in  all  cases  was  due 
to  the  slipping  of  the  rods.  It  seems  that  the  rods, instead  of  de- 
forming with  the  column,  would  slip  through  the  concrete  and  tend 
to  push  their  way  out  of  the  footing.  This  generally  caused  the 
footing  to  crack  In  the  vicinity  of  the  rods. 

Not  infrequently  the  reinforcing  rods  must  be  spliced.  The 


' 
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effect  of  the  splice  within  the  column  was  determined  by  McComb  of 
the  class  of  1910.  He  found  the  butt  splice  enclosed  by  a sleeve, 
to  be  the  most  efficient  form  of  splice,  and  this  type  of  splice 
was  used  in  the  columns  tested  for  this  thesis.  All  splices  in  rods 
were  made  2 in.  above  the  top  face  of  footing.  The  most  efficient 
type  of  reinforcement  with  spliced  rods  is  with  the  rods  curved  into 
the  footing.  This  type  gave  an  efficiency  of  &1%  as  compared  with 
the  best  type  discussed  above.  The  other  type,  that  with  the  rods 
bent  squarely  into  the  footing  and  spliced,  was  the  poorest  tested. 
This  type  gave  an  efficiency  of  62^  as  compared  with  the  best  type 
and  only  137^  as  compared  with  the  plain  concrete  column. 

In  the  reinforced  columns  tested  the  concrete  stress  varied 

i 

greatly,  in  one  case  being  as  low  as  500  lb.  per  sq.  in.  and  in 
another  as  high  as  1600  lb.  per  sq.  in.,  and  varying  in  other  column:! 
all  the  way  between. 

Reinforcing  in  all  cases  adds  reliability.  The  strength  of  con- 
crete is  variable,  depending  upon  a number  of  things  almost  impossi- 
ble to  reduce  to  a common  basis,  such  as  quality  of  materials, 
conditions  of  mixing,  placing,  etc.  Therefore  while  a reinforced 
column  shows  but  a small  increase  in  efficiency  over  a plain  con- 
crete column,  the  actual  figures  should  not  be  followed  too  closely, 
as  the  reinforcing  will  support  quite  a load  after  the  concrete  has 
failed. 
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TABLE  NO.  6. 

Column  No. 8824, 

Diameter-  12%  in.  Area-  118  sq.  in. 
Total  Deformation3  Actual  Deformation  in  40  in, 


Total  load 
lb. 

Total  Def. 
in. 

Unit  load 

Lb. per  sq.in. 

Unit  Def 
in. 

11,000 

0.0000 

93 

0.00000 

15,000 

0.0006 

127 

0.00002 

20,300 

0.0013 

172 

0.00003 

25,000 

0.0023 

212 

0.00006 

30,100 

0.0035 

255 

0.00009 

35,000 

0 . 0046 

296 

0.00011 

40,000 

0.0049 

339 

0.00012 

50,200 

0.0066 

425 

0.00017 

60,000 

0.0088 

509 

0.00022 

70,000 

0.0117 

594 

0.00029 

70,000 

0.0157 

----- 

0.00039 

80,500 

0.0188 

682 

0.00047 

90,000 

0.0235 

763 

0.00059 

100,000 

0.0285 

848 

0.00071 

110,400 

0.0354 

950 

0.00089 

120,000 

0.0439 

1017 

0.00110 

130,000 

0.0584 

1100 

0.00146 

134,600 

0.0742 

1140 

0.00185 

131,000 

0.1006 

1110 

0.00251 

39 


Diameter-  12  3/8 
Total  Deformation  = 


TABLE  NO.  7. 

Column  No.  8825. 
in.  Area-  120  sq.in. 
Actual  Deformation  in  40  in. 


Total  load 
lb. 

Total  Def. 
in. 

Unit  load 

Lb. per  sq.in. 

Unit  Def 
in. 

6,500 

0.0000 

54 

0.00000 

25,000 

0.0023 

208 

0.00006 

45,000 

0.0055 

375 

0.00014 

75,000 

0.0107 

625 

0.00027 

100,000 

0.0158 

833 

0.00040 

125,000 

0.0220 

1040 

0.00055 

140,000 

0.0281 

1165 

0.00070 

160,000 

0.0329 

1332 

0.00082 

175,000 

0.0398 

1458 

0.00100 

190,000 

0.0470 

1584 

0.00118 

200,000 

0.0551 

1667 

0.00138 

206,000 

0.0666 

1716 

0.00167 

. 


.. 


.. 


TABLE  NO 

.8. 

Column  No. 

8826. 

Diameter-  12 

3/8 

in.  Area- 

120  sq. 

in. 

Total  Deformation 

= Actual  Deformation  in 

40 

in. 

Total  load 

lb. 

Total  Def. 
in. 

Unit  load 
Lb. per  sq. 

in. 

Unit  Def. 
in. 

6,000 

0.0000 

50 

0.00000 

20,000 

0.0015 

167 

0.00004 

40,000 

0.0048 

333 

0.00012 

60,000 

0.0085 

500 

0.00021 

80,000 

0.0126 

667 

0.00032 

100,000 

0.0168 

833 

0.00042 

120,000 

0.0217 

1000 

0.00054 

140,000 

0.0265 

1167 

0,00066 

160,000 

0.0325 

1333 

0.00081 

180,000 

0.0401 

1500 

0.00100 

200,000 

0.508 

1667 

0.00127 

206,000 

Maximum. 

1715 

40 


* 


. ' . ; . 

' 


. 
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Diameter  - 12i 

Total  Deformation 

TABLE  NO.  9. 

Column  No.  8827. 

in.  Area-  118  sq.  in. 

= Actual  Deformation  in  40  in 

41 

Total  load 

Total  Def. 

Unit  load 

Unit  Def. 

lb. 

in. 

Lb. per  sq.in. 

in. 

10,300 

0.0000 

87 

0.00000 

25,000 

0.0015 

212 

0.00004 

50,000 

0.0045 

424 

0.00011 

75,000 

0.0078 

636 

0.00020 

100,000 

0.0113 

848 

0.00028 

125,000 

0.0150 

1060 

0.00038 

150,000 

0.0194 

1272 

0.00049 

175,000 

0.0229 

1484 

0.00057 

200,000 

0.0275 

1696 

0.00069 

225,000 

0.0321 

1908 

0.CC08Q 

250,000 

0.0375 

2120 

0.00094 

275,000 

0.0434 

2332 

0.00109 

300,000 

0.0500 

2544 

0.00125 

325,000 

0.0581 

2756 

0.00145 

350,000 

0.0665 

2968 

0.00166 

375,000 

0.0785 

3180 

0.00196 

384,000 

0.0870 

3255 

0.00218 

. 

. 

- 

, 

TABLE  NO 

. 10. 

42 

Column  No. 

8828. 

Diameter-  12 

3/8 

in.  Area- 

120  sq. 

in. 

Total  Deformation 

= Actual  Deformation 

in  40 

in. 

Total  load 

Total  Def. 

Unit  load 

Unit  Def. 

lb. 

in. 

Lb .per 

sq. in. 

in. 

7,400 

0.0000 

62 

0.00000 

25,000 

0.0018 

208 

0.00005 

50,000 

0.0046 

416 

0.00012 

75,000 

0.0080 

625 

0.00020 

100,000 

0.0112 

834 

0.00028 

125,000 

0.0148 

1040 

0.00037 

150,000 

0.0190 

1250 

0.00043 

175,000 

0.0232 

1460 

0.00058 

200,000 

0.0282 

1670 

0.00071 

* 225,000 

0.0340 

1375 

0.00085 

253.000 

0.0206 

2110 

0.00052 

275,000 

0.0248 

2295 

0.00062 

300,000 

0.0286 

2500 

0.00072 

325,000 

0.0336 

2710 

0.00084 

350,000 

0.0420 

2915 

0.00105 

375,000 

0.0525 

3130 

0.00131 

400,000 

0.0690 

3330 

0.00173 

401,000 

Maximun 

3340 

* Irregularity  here 

adjusted  on 

curve . 

43 


TABLE  NO.  11. 

Column  No.  8829 

Diameter  - 12  3/8  in.  Area  - 120  sq.  in. 

Total  Deformation  « Actual  Deformation  in  40 


m. 


Total  load 
lb. 

Total  Def. 
in. 

Unit  load 

Lb. per  sq.in. 

Unit  Def 
in. 

7,000 

0.0000 

58 

0.00000 

25,000 

0.0002 

208 

0.00001 

50,000 

0.0022 

416 

0.00006 

75,000 

0.0043 

625 

0.00011 

100,000 

0.0066 

833 

0.00017 

125,000 

0.0095 

1040 

0.00024 

150,000 

0.0124 

1250 

0.00031 

175,000 

0.0162 

1458 

0.00041 

200,000 

0.0188 

1667 

0.00047 

225,000 

0.0225 

1875 

0.00056 

250,000 

0.0273 

2082 

0.00068 

275,000 

0.0319 

2290 

0.00080 

300,000 

0.0355 

2500 

0.00089 

325,000 

0.0437 

2710 

0.00109 

350,000 

0.0500 

2920 

0.00125 

375,000 

0.0579 

3125 

0.00145 

400,000 

0.0674 

3335 

0.00169 

420,000 

0.0738 

3500 

0.00185 

456,000 

Maximum. 

3800 

Diameter  - 12 J 

TABLE  NO.  12. 

Column  No.  8831 

in.  Area  - 

• 

123  sq. 

in. 

44 

Total  Deformation 

= Actual  Deformation 

in  40 

in. 

Total  load 

Total  Def, 

Unit  load 

Unit  Def. 

lb. 

in. 

Lb. per 

sq . in. 

in. 

3,000 

0.0000 

25 

0.00000 

30,000 

0.0023 

244 

0.00006 

50,000 

0.0043 

407 

0.00011 

75,000 

0.0066 

610 

0.00017 

100,000 

0.0093 

813 

0.00023 

126,000 

0.C120 

1025 

0.00030 

150,000 

0.0153 

1220 

0.00038 

175,000 

0.0178 

1420 

0.00045 

200,000 

0.0213 

1625 

0.00053 

225,000 

0.0243 

1830 

0.00061 

250,000 

0.0278 

2035 

0,00070 

300,000 

0.0358 

2440 

0.00090 

325,000 

0.0398 

2645 

0.00100 

350,000 

0.0448 

2845 

0.00112 

375,000 

0.0513 

3050 

0.00128 

400,000 

0.0560 

3250 

0.00140 

425,000 

0.0636 

3455 

0.00159 

450,000 

0.0718 

3660 

0.00180 

470,000 

0.0813 

3820 

0.00203 

480,000 

0.0873 

3900 

0.00218 

490,000 

0.0998 

3985 

0.00250 

. 


TABLE  No. 

13. 

45 

Column  No. 

8832  . 

Diameter  - 12-|  in. 

Area 

- 123  sq. 

in. 

Total  Deformation  = 

Actual  Deformation 

in  40 

in. 

Total  load 

Total  Def. 

Unit  load 

Unit  Def. 

lb. 

in. 

Lb. per 

sq . in. 

in. 

6,500 

0.0000 

55 

0.00000 

25,000 

0.0010 

203 

0.00003 

50,000 

0.0038 

406 

0.00010 

75,000 

0.0068 

609 

0.00017 

100,000 

0.0100 

812 

0.00025 

125,000 

0.0131 

1015 

0.00033 

150,000 

0.0165 

1218 

0.00041 

175,000 

0.0197 

1420 

0.00049 

200,000 

0.0238 

1625 

0,00060 

225,000 

0.0280 

1830 

0.00070 

250,000 

0.0328 

2030 

0,00082 

275,000 

0.0375 

2240 

0.00094 

300,000 

0.0433 

2440 

0.00108 

325,000 

0.0500 

2640 

0.00125 

350,000 

0.0580 

2850 

0.00145 

375,000 

0,0655 

3050 

0.00164 

400,000 

0.0745 

3250 

0.00186 

425,000 

0.0875 

3450 

0.00219 

447,000 

0.1140 

3630 

0.00285 

Diameter  - 12t  in 

Total  Deformation 

Total  load 

TABLE  NO.  14. 

Column  No.  8835. 

. Area  - 118  sq,  in, 

2 Actual  Deformation  in  30  in. 

Total  Def,  Unit  load 

Unit  Def. 

46 

lb. 

in. 

Lb. per  3q.in. 

in. 

7,000 

0.0000 

59 

0.00000 

25,000 

0.0017 

212 

0.00006 

50,000 

0.0036 

424 

0.00012 

75,000 

0.0059 

636 

0.00020 

100,000 

0.0079 

848 

0.00028 

125,000 

0.0114 

1060 

0.00038 

150,000 

0.0146 

1270 

0.00C49 

175,000 

0.0184 

1440 

0.00C61 

200,000 

0,0244 

1695 

0.00081 

225,000 

0.0315 

1905 

0.00105 

250,000 

0.0424 

2120 

0.00141 

265,000 

0,0519 

2250 

0.00173 

280,000 

0.0621 

2370 

0.0C207 

300,000 

0.0800 

2545 

0.00267 

308,000 

0.0360 

2610 

0.00287 

314,000 

0,1000 

2660 

0.00383 

314,500 

- 

i 

Maximum 

2665 

47 


TABLE  NO.  15. 

. Column  No.  8836, 

Diameter  - 12  3/8  in.  Area  - 120  sq.in. 

Total  deformation  • Actual  Deformation  in  30  in. 


Total  load 
lb. 

Total  Def. 
in. 

Unit  load 

Lb, per  sq.in. 

Unit  Def 
in. 

6,300 

0.0000 

53 

0.00000 

25,000 

0.0000 

208 

0,00000 

50,000 

0.0015 

416 

0.00005 

75,000 

0,0033 

624 

0.00011 

100,000 

0.0052 

832 

0.00017 

125,000 

0.0069 

1040 

0.00023 

150,000 

0.0085 

1250 

0.00028 

175,000 

0.0110 

1455 

0.00037 

200,000 

0.0135 

1665 

0.00045 

225,000 

0.0157 

1875 

0,00052 

250,000 

0,0179 

2080 

0.00060 

275,000 

0.0202 

2290 

0 .00067 

300,000 

0.0227 

2500 

0 .00076 

325,000 

0.0258 

2710 

0 .00086 

350,000 

0,0286 

2915 

0.00C95 

375,000 

0,0340 

3120 

0.0C113 

378,000 

Maximum 

3150 

. 
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TABLE  NO, 16 
Column  No,  8838, 

Diameter  - 12  3/8  in.  Area  - 120  sq.in. 

Total  Deformation  « Actual  Deformation  in  30  in. 


Total  load 
lb. 

Total  Def. 
in. 

Unit  load 

Lb. per  sq.in. 

Unit  Def 
in. 

6,500 

0,0000 

54 

0,00000 

25,000 

0,0005 

208 

0.00002 

50,000 

0,0022 

416 

0,00007 

75,000 

0,0045 

625 

0,00015 

100,000 

0.0065 

833 

0 .00022 

125,000 

0.0090 

1082 

0.00030 

150,000 

0,0100 

1250 

0.00033 

175,000 

0.0120 

1460 

0.00040 

200,000 

0.0149 

1667 

0.00050 

225,000 

0.0185 

1875 

0,00063 

250,000 

0,0224 

2085 

0.00075 

275,000 

0.0272 

2295 

0.00091 

300,000 

0.0377 

2500 

0,00126 

315,000 

0.0502 

2630 

0.00167 

TABLE  NO.  17. 
Column  No.  8839. 


Diameter  - 12 

3/8  in. 

Area  - 120  sq. 

in. 

Total  Deformation  s Actual 

Deformation  in 

30  iru 

Total  load 

Total  Def 

. Unit  load 

Unit  Def 

lb. 

in. 

Lb. per  sq.in 

in. 

6,500 

0.0000 

54 

0.00000 

25,000 

0.0001 

208 

0.00000 

50,000 

0.0014 

375 

0.00005 

75,000 

0.0C32 

625 

0.00011 

100,000 

0.0050 

833 

0.00017 

125,000 

0.0072 

1040 

0.00024 

150,000 

0.0096 

1250 

0 .00032 

175,000 

0.0120 

1460 

0 .00040 

200,000 

0.0156 

1667 

0.00052 

225,000 

0.0198 

1875 

0.0C066 

250,000 

0.0255 

2080 

0.00085 

275,000 

0.0335 

2290 

0.0C112 

295,000 

Maximum 

2480 

50 


TABLE  NO.  18. 

Column  No.  8841. 

Diameter  - 12^  in.  Area  - 123  sq.  in. 

Total  Deformation  = Actual  Deformation  in  30  in. 


Total  load 
lb. 

Total  Def. 
in. 

Unit  load 

Lb. per  sq.in. 

Unit  Def 
in. 

8,000 

0.0000 

65 

0.00000 

25,000 

0.0012 

203 

0.00004 

50,000 

0.0045 

406 

0.00015 

75,000 

0.0070 

610 

0.00023 

100,000 

0.0100 

813 

0.00033 

125,000 

0.0137 

1015 

0.00046 

150,000 

0.0183 

1220 

0.00061 

175,000 

0.0237 

1420 

0.00079 

200,000 

0.0325 

5L625 

0.00108 

225,000 

0.0521 

1830 

0.00174 

250,000 

0.0855 

2030 

0.00285 

270,000 

0.1150 

2200 

0.00383 

272,000 

0.1320 

2210 

0.CC440 

51 


TABLE  NO.  19. 

Column  No.  8842. 

Diameter  - 12  3/8  in.  Area  120  sq.  in. 

Total  Deformation  s Actual  Deformation  in  30  in. 


Total  load 
lb. 

Total  Def. 
in. 

Unit  load 
Lb.per  sq.in 

Unit  D< 
. in. 

6,600 

0.0000 

55 

0.00000 

25,000 

0.0011 

208 

0.00004 

50,000 

0.0033 

416 

0.00011 

75,000 

0.0046 

624 

0,00015 

100,000 

0,0070 

832 

0.00023 

125,000 

0.0090 

1040 

0.00030 

150,000 

0.0110 

1250 

0.00037 

175,000 

0.0135 

1460 

0.00045 

200,000 

0.0165 

1667 

0.00055 

225,000 

0.0203 

1875 

0,00068 

250,000 

0.0245 

2080 

0.00082 

275,000 

0.0330 

2290 

0.00110 

293,000 

Maximum 

2490 
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